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APPENDIX B. EPA Region 8 Evaluation of Exposure-Response from Marysville Cohort


The University of Cincinnati Research Team provided detailed information on the Marysville workers.  They developed a Job Exposure Matrix (fibers/cc for each job description from the industrial hygiene data. The data for each worker included the cumulative exposure to Libby Amphibole (fibers-yr/cc) based on detailed worker job history, average concentration of exposure to Libby Amphibole (fibers/cc) based on detailed worker job history, hire date, age at first exposure, body mass index, smoking history, date and age at time of health examination, sex, and the presence of discrete pleural thickening, diffuse pleural thickening, and parenchymal change as revealed by conventional radiographs.  The report from the University of Cincinnati is included in Appendix C.



EPA expresses the RfC as continuous exposure (24 hours/day; 7 days/week).  When using data from an occupational study the calculated exposure is usually converted to a human equivalent concentration using a factor of 5 days/7 days x 10m3/20 m3 (US EPA 1994).  Because of the extensive seasonal overtime for some job classes at the Marysville facility, this general approach will be incorrect.  The approach used to develop the cumulative human equivalent exposure concentration (CHEEC) is described in section 5 of the University of Cincinnati report (appendix C).  Region 8 used the CHEEC for subsequent data analysis.



The cumulative prevalence of radiographic changes versus cumulative exposure is presented in figure 8.  Figure 9 present the cumulative prevalence of discrete pleural thickening with all exposures greater than 2 fibers-yr/cc eliminated to provide a better visual image at the low end of the distribution.


Figure 8 Cumulative prevalence of radiographic change versus cumulative exposure
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Figure 9 Cumulative prevalence of discrete pleural thickening versus cumulative exposure less than 2 fibers-yr/cc.
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EPA traditionally has used the NOAEL/LOAEL approach to characterize the exposure-response relationship for the chemical assessed in the IRIS Program.  More recently EPA has used benchmark dose analysis when appropriate data are available.  These approaches use grouped exposure and response data.  Analyses using individual exposure and health outcome data have rarely been used because appropriate individual human exposure and response data are usually not available.  For the Marysville cohort, however, individual exposure and health outcome results are available and a more comprehensive analysis is possible.  This type of analysis generally has more statistical power since it can take advantage of more information on each study subject and allows for more accurate statistical control over potential confounders that may distort the results.



Non-linear regression models that provide both a slope and standard error of the slope with provision for handling censored data include Logistic Regression and Probit Regression Models.  EPA Region 8 conducted a statistical analysis of individual exposure and health outcome data using Logistic Regression (R Development Core Team, 2009).  EPA Region 8’s analysis used only data on individuals who reported no previous occupational exposure to asbestos (n = 252).  This approach was selected to minimize any influence on the result from un-quantified exposure to a different fiber that will give a similar health outcome.  For the reasons discussed in Section 5.1.2, Region 8 conducted the detailed analysis only with discrete pleural thickening.


LIBBY LOGISTIC REGRESSION 9-2-2010


Logistic regression was performed for Libby data using the R statistical software version 2.11.1 Survival package version 2.35-8 (R Development Corp Team, 2010 and Terry Therneau and original R port by Thomas Lumley (2009)).  The basic equation for the Logistic Regression is:


p = exp(z) / [1 + exp(z)]


z = b0 + b1*x1 + b2*x2 + ....


where:



p = prevalence of the effect


b0, b1, b2,  ... = fitted model coefficients



x1, x2, ... = independent explanatory variables, estimated from the data by fitting


The dependent variable was discrete pleural thickening any pleural change noted on a chest x-ray of a former worker cohort (n = 252).  The available explanatory variables were cumulative amphibole fiber concentration, age at time of x-ray, gender, ever smoked, and body mass index (BMI).  The BMI variable was missing for 34 individuals.


The strategy used to select the best model consisted of adding one explanatory variable at a time plus cumulative fiber (model: discrete pleural thickening pleural changes = cumulative fiber + explanatory variable).  Explanatory variables having p > 0.2 were dropped from further consideration.  Remaining models were compared using the Akaike Information Criterion (AIC).  As a rule of thumb, models with an AIC value differing by less than 4 units are considered equivalent.  As will be demonstrated the three lowest Libby model AICs will differ by less than 4 units, and the resulting LEC05 values will be within 0.1 rounded to one decimal.


An initial model of cumulative fiber plus BMI (n = 218) strongly suggested BMI (p = 0.89) did not correlate with pleural changes.  However, this result for BMI was unexpected.  A large BMI value was expected to be positively correlated with pleural changes.  Two subsequent models (n = 252) using cutoffs of 25 and 30 and assigning the same integer value for all missing values (What value was used?) for BMI also indicated the non-significance of BMI (BMI 25 p = 0.55, BMI 30 p = 0.39).  Therefore, BMI was eliminated as an explanatory variable.


The result for smoking agreed with previous studies that indicated smoking was not a significant explanatory variable (p = 0.79).  Ever smoked was eliminated as an explanatory variable.


Models of cumulative fiber plus age at x-ray or age at x-ray squared or centered age at x-ray all indicated age at x-ray was a significant explanatory variable.  Centered age at x-ray was the most significant age variable and had the lowest AIC.       


Centered age at x-ray is slightly more significant than cumulative fiber.    


A model of cumulative fiber plus gender indicated gender was a somewhat contributing explanatory variable with p = 0.18.  However, it should be noted that the worker cohort was highly skewed with 236 males and 16 females.  Sixteen females constituted only 6.3% of the cohort indicating statistical inferences regarding gender should be viewed with caution.  


Logistic regression results for three models are shown in Table 1.  Model 1 is discrete pleural thickening changes = cumulative fiber.  Model 2 is discrete pleural thickening changes = cumulative fiber + centered age at x-ray.  Model 3 is discrete pleural thickening changes = cumulative fiber + centered age at x-ray + gender.  The LEC05 values are 0.56 for Model 1, 0.65 for Model 2 and 0.68 for Model 3.  Model 3 is not preferred because the additional gender variable had a standard error more than three fourths of the estimate and as stated earlier was somewhat suspect owing to the small number of females in the worker cohort.  Model 3’s AIC value is only ~ 0.5 lower than Model 2’s AIC value.  In addition, a stricter value of significance (0.05 or even 0.10 instead of 0.2) would eliminate gender as a significant explanatory variable.  Model 3’s effect on the LECO5 rounded to one decimal is to raise the value from 0.6 to 0.7.  Models 1 and 2 both result in an LECO5 value of 0.6 rounded to one decimal, and arguments can be made for selection of either model.  Subsequent calculations will use the results of model 2.

EC05 (Effective concentration for a 5% response) and LEC05 (Lowest Effective concentration for a 5% response with 95% confidence are calculated with the following equations:



EC05 = 0.05/(Estimate)



LEC05 = 0.05/ (Estimate + 1.645 x Standard Error of Estimate)


		TABLE 1
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		1

		Cumulative Fiber

		0.05838

		0.01920

		0.002

		269.04

		0.56

		0.86



		

		

		

		

		

		

		

		



		2

		Cumulative Fiber

		0.04301

		0.02026

		0.034

		266.42

		0.65

		1.16



		

		Centered Age at x-ray

		0.69948

		0.32509

		0.031

		

		

		



		

		

		

		

		

		

		

		



		3

		Cumulative Fiber

		0.04003

		0.02029

		0.049

		265.93

		0.68

		1.25



		

		Centered Age at x-ray

		0.69445

		0.32639

		0.033

		

		

		



		

		Gender

		1.37780

		1.05108

		0.190
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Table 1

		CHEEC		Discrete Pleural				CHEEC		Discrete Pleural

		0.067		0				0.001		0

		0.083		0				0.010		0.0084033613

		0.091		0				0.012		0.0084033613

		0.121		0.007518797				0.015		0.0084033613

		0.125		0.015037594				0.016		0.0084033613

		0.126		0.015037594				0.016		0.0084033613

		0.127		0.015037594				0.019		0.0084033613

		0.127		0.015037594				0.021		0.0084033613

		0.130		0.015037594				0.022		0.0084033613

		0.130		0.015037594				0.022		0.0084033613

		0.131		0.015037594				0.023		0.0084033613

		0.133		0.022556391				0.025		0.0084033613

		0.133		0.022556391				0.029		0.0084033613

		0.144		0.022556391				0.030		0.0084033613

		0.146		0.030075188				0.033		0.0084033613

		0.149		0.037593985				0.036		0.0084033613

		0.151		0.037593985				0.036		0.0084033613

		0.156		0.037593985				0.039		0.0084033613

		0.160		0.037593985				0.040		0.0084033613

		0.165		0.037593985				0.045		0.0084033613

		0.165		0.037593985				0.051		0.0084033613

		0.166		0.037593985				0.052		0.0084033613

		0.169		0.037593985				0.053		0.0084033613

		0.173		0.037593985				0.053		0.0084033613

		0.174		0.037593985				0.054		0.0084033613

		0.180		0.045112782				0.061		0.0168067227

		0.180		0.045112782				0.061		0.0168067227

		0.191		0.0526315789				0.065		0.0168067227

		0.197		0.0526315789				0.068		0.0168067227

		0.199		0.0526315789				0.073		0.0168067227

		0.201		0.0526315789				0.076		0.0168067227

		0.204		0.0526315789				0.079		0.0168067227

		0.208		0.0526315789				0.083		0.0168067227

		0.211		0.0601503759				0.086		0.0168067227

		0.217		0.0601503759				0.088		0.0168067227

		0.218		0.0601503759				0.102		0.0168067227

		0.224		0.0601503759				0.102		0.0168067227

		0.226		0.0601503759				0.106		0.0168067227

		0.230		0.0676691729				0.107		0.0168067227

		0.237		0.0676691729				0.108		0.0168067227

		0.241		0.0751879699				0.114		0.0168067227

		0.243		0.0751879699				0.115		0.0168067227

		0.247		0.0751879699				0.116		0.0168067227

		0.249		0.0751879699				0.117		0.0168067227

		0.249		0.0827067669				0.118		0.0168067227

		0.252		0.0827067669				0.119		0.0168067227

		0.255		0.0827067669				0.123		0.0168067227

		0.255		0.0827067669				0.128		0.0168067227

		0.260		0.0902255639				0.129		0.0168067227

		0.260		0.0977443609				0.135		0.0168067227

		0.264		0.0977443609				0.136		0.0168067227

		0.270		0.0977443609				0.138		0.0168067227

		0.271		0.1052631579				0.138		0.0168067227

		0.275		0.1052631579				0.139		0.0168067227

		0.276		0.1127819549				0.139		0.0168067227

		0.277		0.1127819549				0.148		0.0168067227

		0.311		0.1203007519				0.150		0.0168067227

		0.311		0.1203007519				0.158		0.0168067227

		0.315		0.1203007519				0.163		0.0168067227

		0.375		0.1278195489				0.165		0.025210084

		0.376		0.1353383459				0.170		0.025210084

		0.430		0.1353383459				0.172		0.025210084

		0.462		0.1353383459				0.172		0.025210084

		0.614		0.1428571429				0.172		0.0336134454

		0.615		0.1428571429				0.182		0.0336134454

		0.616		0.1428571429				0.182		0.0336134454

		0.622		0.1428571429				0.190		0.0336134454

		0.715		0.1428571429				0.193		0.0336134454

		0.752		0.1503759398				0.200		0.0336134454

		0.868		0.1578947368				0.200		0.0336134454

		0.912		0.1578947368				0.204		0.0336134454

		0.956		0.1578947368				0.209		0.0336134454

		0.961		0.1654135338				0.232		0.0336134454

		1.011		0.1729323308				0.258		0.0336134454

		1.023		0.1729323308				0.305		0.0336134454

		1.077		0.1729323308				0.305		0.0336134454

		1.273		0.1804511278				0.313		0.0336134454

		1.297		0.1804511278				0.318		0.0336134454

		1.773		0.1879699248				0.324		0.0336134454

		2.095		0.1879699248				0.357		0.0336134454

		2.205		0.1954887218				0.357		0.0336134454

		2.213		0.1954887218				0.366		0.0336134454

		2.224		0.1954887218				0.373		0.0420168067

		2.241		0.2030075188				0.393		0.0420168067

		2.365		0.2105263158				0.405		0.0420168067

		2.481		0.2105263158				0.416		0.0420168067

		2.524		0.2180451128				0.423		0.0504201681

		2.718		0.2180451128				0.425		0.0504201681

		3.238		0.2180451128				0.430		0.0504201681

		3.251		0.2255639098				0.431		0.0504201681

		3.497		0.2255639098				0.472		0.0504201681

		3.561		0.2255639098				0.473		0.0504201681

		3.737		0.2330827068				0.481		0.0504201681

		3.750		0.2406015038				0.496		0.0504201681

		3.986		0.2481203008				0.511		0.0504201681

		5.051		0.2481203008				0.548		0.0504201681

		5.386		0.2481203008				0.552		0.0588235294

		5.625		0.2556390977				0.553		0.0588235294

								0.579		0.0588235294

								0.579		0.0588235294

								0.836		0.0588235294

								0.854		0.0588235294

								0.868		0.0588235294

								0.877		0.0588235294

								1.017		0.0588235294

								1.027		0.0588235294

								1.041		0.0588235294

								1.138		0.0588235294

								1.310		0.0588235294

								1.816		0.0588235294

								1.855		0.0756302521

								2.647		0.0840336134

								2.703		0.0924369748

								2.735		0.1008403361

								2.783		0.1008403361

								3.070		0.1008403361

								3.159		0.1008403361

								3.998		0.1008403361

								5.969		0.1008403361























































































&"-,Bold"Table 6. X-ray Results		


&P	





